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A PHYSICALLY BASED ANALYTICAL MODEL 
FOR PREDICTING HTGR CORE SEISMIC RESPONSE 
by 
J o e l  G. Bennett  
ABSTRACT 
An a n a l y t i c a l  model i s  desc r ibed  t h a t  w a s  developed t o  
p r e d i c t  t h e  seismic response of l a r g e  High Temperature G a s -  
Cooled Reactor co res .  App l i ca t ions  of t h e  model are l i s t e d  
and d i scussed .  
by 
J o e l  G .  Bennet t  
Los Alamos S c i e n t i f i c  Labora tory  
Los Alamos, S e w  Mexico 
USA 
INTRODUCTION 
An impor tan t  requirement  of HTGR s a f e t y  r e s e a r c h  is t o  a s s u r e  t h e  i n t e -  
To m e e t  t h i s  o b j e c t i v e  i t  g r i t y  of a n  HTGR c o r e  dur ing  seismic e x c i t a t i o n .  
is necessary  t o  be  a b l e  t o  p r e d i c t  t h e  f o r c e s  and motions of t h e  v a r i o u s  c o r e  
elements  under p o t e n t i a l  upse t  c o n d i t i o n s .  
The system of l o o s e l y  s t acked  g r a p h i t e  b locks  t h a t  makes up t h e  core  of 
t h e  HTGR p r e s e n t s  an unusual  s t r u c t u r a l  problem. 
thousand b l o c k s  h a s  t h e  k inemat ic  c a p a b i l i t y  of undergoing t h r e e  t r a n s l a t i o n s  
and t h r e e  r o t a t i o n s ,  t h e r e f o r e  r e q u i r i n g  s i x  independent  c o o r d i n a t e s  f o r  a 
complete d e s c r i p t i o n  of t h e  motion. 
dependent upon g r a p h i t e  mater ia l  p r o p e r t i e s  . t h a t  are known t o  vary with ' 
t i m e ,  t e s p e r a t u r e ,  r a d i a t i o n  l e v e l ,  and load ing  h i s t o r y .  It is appa ren t  from 
t h e  complexi ty  of bo th  material p r o p e r t i e s  and geometr ies  t h a t  any  a n a l y s i s  
of t h i s  system r e q u i r e s  a number of s i m p l i f i c a t i o n s .  It is e s p e c i a l l y  impor- 
t a n t  t h a t  any a n a l y s i s  be designed t o  a l low as complete v a l i d a t i o n  as is 
p o s s i b l e  of s i m p l i f i c a t i o n s  made and mzthods used.  Assumptions r ega rd ing  t h e  
g e n e r a l  motion of t h e  system, t h e  mechanism of energy loss ,  t h e  p r o p e r t i e s  
t h a t  govern system behav io r ,  etc.,  should  n o t  be made i n t u i t i v e l y .  Rather, 
analytical and experimental m o d e l s  should b e  first designed for the specific 
purpose of de te rmining  p e r m i s s i b l e  a s s m p t i o n s  and the v a l i d i t y  of methods 
t h a t  can la te r  b e  applied t o  t h e  a n a l y s i s  of t h e  HTGR core. 
Each one of t h e  several 
Resu l t ing  deformat ions  and stresses are 
THE PHYSICALLY BASED MODEL 
By a p h y s i c a l l y  based model w e  mean an a n a l y t i c a l  model t h a t  doesn ' t  
n e c e s s a r i l y  b e a r  any resemblance t o  t h e  HTGR c o r e ,  b u t  t h a t  does  ma in ta in  a l l  
impor tan t  governing p h y s i c a l  parameters  t h a t  w i l l  a f f e c t  t h e  seismic response 
of t h e  co re .  Furthermore,  t h e  model has  a we11 de f ined  p h y s i c a l  coun te rpa r t  
t h a t  i s  bo th  economic and s imple  to use  f o r  expe r imen ta l  v e r i f i c a t i o n  s t u d i e s .  
F igu re  1 i s  a free-body diagram of a c o r e  b l o c k  f o r  ou r  model showing 
the  f o r c e s  t h a t  are allowed t o  act  upon i t .  
then  ar ranged  i n  one-or two-dimensional a r r a y s  and sub jec t ed  t o  one o r  two 
independent motion-time i n p u t s .  F igure  2 i l l u s t r a t e s  a two-dimensional 
array. 
A number of these b l o c k s  are 
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CONTACT FOXZCZ 
-LOWER s m  mi?= z 3 4 - 
Typicat on all 16 el, nmcnt?, 
Two-dixensional model. 
A s i g n i f i c a n t  d i f f e r e n c e  between t h i s  model and t h e  u s u a l  s t r u c t u r a l  model 
i s  t h a t  i t  u s e s  Coulomb f r i c t i o n  r a t h e r  than  v i scous ly  damped spr ing-masses .  
THE EQUILIBRIUM-ITERATION SCHEME 
The e q u a t i o n s  of motion governing t h e  system a r e  solved n u m e r i c a l l y  
us ing  a t y p i c a l  equ i l ib r ium i t e r a t i o n  t ime h i s t o r y  scheme. 
A f l o w c h a r t  of t h e  e q u i l i b r i u m - i t e r a t i o n  scheme is  shown i n  Fig. 3. The 
method is a t ime-his tory  approach t h a t  t r a c e s  each m a s s  through a s u c c e s s i o n  
of e q u i l i b r i u m  conf igu ra t ions .  
p receding  s ta te ,  i.e., t he  preceding  e q u i l i 7 > r i u m  state is used as  a set of 
i n i t i a l  c o n d i t i o n s  for t h e  new s ta te .  
Each succeeding conf igu ra t ion  is b a s e d  on the 
R e f e r r i n g  t o  F ig .  3,  i t  should  b e  noted t h a t  t h e  boundar). c o n d i t i o n s  must 
be  known f u n c t i o n s  of t i m e  f o r  i n p u t  t o  t h i s  program. 
a n a l y t i c  f u n c t i o n s  o r  t i m e - h i s t o r i e s .  
sponse can be 
Vessel (PCRV). 
HTGR c o r e  i s  less than  one-tenth tha t  of t h e  PCRV. A separate lumped m a s s  
a n a l y s i s  would supply PcRV motion f o r  i n p u t  t o  t h i s  code. 
no t  a necessa ry  s t e p  f o r  de te rmining  t h e  i n f l u e n c e  of parameters  on core 
response .  
These can be e i t h e r  
This  s t e p  presumes t h a t  the c o r e  re- 
&coupled from t h e  motion of t h e  P r e s t r e s s e d  Concre t e  Reactor 
This  i s  a r easonab le  assumption s i n c e  t h e  m a s s  of an a c t u a l  
However, t h i s  is 
The Newmark f3 method wi th  f3 = k i s  used t o  i n t e g r a t e  t h e  e q u a t i o n  of 
1 motion i n  s t e p  3 of F ig .  3 .  
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S t i f f n e s s  Represen ta t ion  
F igu re  4 shows typical 
force-displacement  curves f o r  s ide 
c o n t a c t  f o r c e s  t h a t  might be used  
i n  s t e p  4 of Fig.  3. I n  t h e  l i t e r -  
a t u r e  t h e  technique  used is known 
as t h e  component element technique.  
A s  many components as d e s i r e d  may 
b e  a t t a c h e d  t o  a g i v e n  m a s s  t o  re- 
p r e s e n t  s e p a r a t e  e f f e c t s .  The 
curves  i n  F ig .  4 g i v e  the fo rce  
component due t o  a s p r i n g  element 
w i t h  t h e  f o r c e  d i sp lacemen t  charac- 
t e r i s t i c s  shown. 
Informat ion  f o r  these curves 
can b e  ob ta ined  from other ana lyses  
and Ref. 2 d e s c r i b e s  one method of 
us ing  t h e  f i n i t e  clement technique 
t h a t  can  be  extended to blocks made 
of n o n l i n e a r  materials. For l i n e a r  
problems a n  e q u i v a l e n t  s p r i n g  can  
b e  found from t h e  r e d u c e d  st i f fness  
matrix de r ived  by i n v e r t i n g  t h e  
f l e x i b i l i t y  m a t r i x  found frm 
apply ing  u n i t  l o a d s  to e a c h  node on 
t h e  c o n t a c t  f a c e  of the f i n i t e  
element r e p r e s e n t a t i o n  of t h e  b lock .  
The component e lement  concept  as a p p l i e d  i n  our  p h y s i c a l l y  based model 
i n c l u d e s  f o r c e  components due to s i d e  and v e r t i c a l  c o n t a c t  f o r c e s  w i t h  
hysteretic energy loss, pin-slot contact fo rces , and  f r i c t i o n a l  forces- 
The F r i c t i o n  Model 
The f r i c t i o n  model implemented in our  p h y s i c a l l y  based  model  is 
i l l u s t r a t e d  i n  F i g  5 and is  t h e  t y p e  g e n e r a l l y  p r e s e n t e d  i n  elementary par- 
t i c l e  mechanics courses .  
F i r s t ,  a d e c i s i o n  i s  made based on t h e  relative v e l o c i t y  between the 
c o n t a c t  s u r f a c e  and t h e  b lock .  If r e l a t i v e  v e l o c i t y  exists,  the f r i c t i o n a l  
f o r c e  a p p l i e d  t o  t h e  b lock  opposes t h e  re la t ive v e l o c i t y  i n  sign a n d  is pkFN 
i n  magnitude, where pk is  t h e  k i n e t i c  c o e f f i c i e n t  of f r i c t i o n  and FN is t h e  
normal f o r c e  a t  t h e  c o n t a c t  s u r f a c e .  
If no r e l a t i v e  v e l o c i t y  e x i s t s  between t h e  contact surface and block, 
the  no - s l ip  cond i t ion  e x i s t s ,  and t h e  b lock  and c o n t a c t  surface accelera- 
tions are the same. For example, r e f e r r i n g  t o  t h e  Ere2 body diagram 
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Fig .  4a Typica l  f o r c e  displacement  
curve f o r  b i - l i n e a r  model 
F i g  4b Typica l  f o r c e  displacement  
curve f o r  non- l inear  model 
F ig .  5 P r o p o r t i o n a l  f r i c t i o n a l  f o r c e  model 
f = I&$ -i- FR - FL, 
.. 
where XB i s  t h e  c o n t a c t  s u r f a c e  o r  base  a c c e l e r a t i o n ,  and FR and F ~ . a r e  
r i g h t  and l e f t  s i d e  c o n t a c t  f o r c e s .  
is compared t o  t h e  breakaway v a l u e  g iven  by fmax = psFN. 
normal f o r c e ,  this breakaway v a l u e  is computed each t i m e  s t e p  and t h e  c u r r e n t  
va lue  is  used i n  t h i s  comparison. 
breaking  away and fmax i s  a p p l i e d  t o  t h e  b lock  f o r  t h i s  t i m e  s t e p ;  otherwise,  
t h e  computed f from Eq.  (1) i s  used. Th i s  model works w e l l  and is bel ieved  
t o  g ive  an  a c c u r a t e  r e p r e s e n t a t i o n  of t h e  p h y s i c a l  p rocess .  
The f o r c e  c a l c u l a t e d  from t h i s  express ion  
For  a time-varying 
I f  f is  g r e a t e r  than fmaxs then the block is  
AS desc r ibed  and shown i n  F ig .  5 ,  t h e  model f o r  one c o n t a c t  s u r f a c e  has 
been extended and used i n  our  two-dimensional a r r a y  c o r e  of F ig .  2, where 
f r i c t i o n a l  e f f e c t s  on top  and bottom s u r f a c e s  a r e  r ep resen ted  i n  a s i m i l a r  
ma mer. 
THE MATERIAL HYSTERESIS LOSS MODEL 
The use of a material h y s t e r e s i s  l o s s  r o d e l  is a n  a t t empt  to repre-  
s e n t  t h e  e f f e c t  sometimes expressed by a c o e f f i c i e n t  of r e s t i t u t i o n ,  i . e - ,  
energy is  l o s t ,  b u t  momentum i s  conserved dur ing  impact.  It is also based on 
t he  h y s t e r s e s i s  l oop  obta ined  i n  t h e  loading-unloading s t r e s s - s t r a i n  test fo r  
n o n l i n e a r  materials such as g r a p h i t e .  
F i g u r e  6 i l l u s t r a t e s  t h e  mater ia l  h y s t e r e s i s  l o s s  model. used  i n  our 
a n a l y s i s ,  w i t h  t h e  shaded area of t h e  h y s t e r e s i s  l oop  r e p r e s e n t i n g  mechanical 
energy l o s t  du r ing  t h e  loading-unloading impact sequence. 
re la t ive  v e l o c i t y  of t h e  two impact ing masses i s  examined t o  d e t e r m i n e  i f  a 
b lock  i s  be ing  loaded  or  unloaded. 
on t h e  block i s  g iven  by 
The sign of t h e  
I f  loading  is  occur r ing ,  t h e  force a c t i n g  






I Relative nornol 
displacement 
Force-displacement curves  f o r  t h e  material h y s t e r e s i  
m o d e l .  
en l o s s  
t h e  upper curve;  whereas i f  unloading is o c c u r r i n g  the force  is given by the 
lower curve. 
percentage  energy loss dur ing  t h e  impact sequence. 
The s l o p e  of t h e  lower curve  i s  determined by s p e c i f y i n g  t h e  
Thus, 
%E l o s s  
D = S -  100 53’ 
where 
D = s l o p e  of t h e  unloading curve ,  
E = e l a s t i c a l l y  s t o r e d  energy,  and 
Kp, = block  s t i E f n e s s .  
A more r e a l i s t i c  non l inea r  d e s c r i p t i o n  of t he  h y s t e r e s i s  l o s s  can be  
used  i f  d e s i r e d ,  wi th  a mathematical  d e s c r i p t i o n  of t he  loading  and  unloading 
cu rves .  Tne advantage of t h e  model used he re  is  i t s  s i m p l i c i t y  and  ease oE 
implementat ion.  The d i s a d v m t a g e  i s  t h a t  t h e  model does n o t  acccun t  f o r  any 
accunu la t ing  permanent deformation.  
For  a d e t a i l e d  d i s c u s s i o n  of t h e  a n a l y t i c a l  model t he  r e a d e r  can c o n s u l t  
Refs .  2 ,  3, and 4 .  
APPLICATIONS OF THE MODEL 
A number OE u s e f u l  s t u d i e s  have been made us ing  t h e  a n a l y t i c a l  model and 
we summarize them as be ing  i n  t h e  fo l lowing  c a t a g o r i e s .  5 , 6 , 7  
o A computer b u i l t  scale model s t u d y  w a s  performed t o  check s c a l i n g  
laws. 
p r o p e r t i e s ,  i n c l u d i n g  ones f o r  which no r ea l  nater ia l  can  b e  found. 
A p h r a n e t e r  s tudy  w a s  performed where p h y s i c a l  and geometr ic  prop- 
ert ies and t h e  e x c i t a t i o n  f u n c t i o n  were v a r i e d  t o  g a i n  g r e a t e r  under- 
s t a n d i n g  of t h e  p h y s i c a l  system. 
System response  t o  v a r i o u s  n ixed  frequency i n p u t s  was s t u d i e d .  
The use  of a computer m o d e l  a l lows  a choice  of material 
o 
o 
o System response  t o  random e x c i t a t i o n  w a s  examined. 
o System damping e f f e c t s  were s t u d i e d .  
A few of t h e s e  a p p l i c a t i o n s  are s u i i a r i z e d  below. 
Parameter  Study 
A parameter  s t u d y  was  conducted i n  terms of t h e  dimensi-onless P i  
terms t h a t  were de r ived  from a s i m i l i t u d e  a n a l y s i s . 5  
v e s t i g a t i o n s  w a s  made of a one dimensional  system us ing  only the bottom raw 
of b locks  i n  Fig. 2 and e l i m i n a t i n g  t h e  p in - s lo t  f o r c e s .  
equa t ion  f o r  such  a system ctln b e  shown t o  b e  
One of the f i rs t  in- 
The f u n c t i o n a l  
where 
.. 
X = a c c e l e r a t i o n  of a b lock  
= ampli tude of motion a p p l i e d  t o  t h e  base 
t = per iod  of i n p u t  n o t i o n  o r  any s i g n i f i c a n t  t i m e  
d = c h a r a c t e r i s t i c  b l o c k  dimension 
c = c l e a r a n c e  between b l o c k s  
‘w = weight  of b lock  
U s  = s t a t i c  c o e f f i c i e n t  of f r i c t i o n  
pk = k i n e t i c  c o e f f i c i e n t  of f r i c t i o n  
E = modulus of b lock ,  l oad ing  
D = modulus of b lock ,  unloading 
g = g r a v i t a t i o n a l  c o n s t a n t .  
The f i r s t  s t u d y  w a s  t o  determine the  e f f e c t  of va ry ing  s t a t i c  f r i c t i o n  
(breakaway f r i c t i o n )  p . 
e f f e c t  on t h e  b lock  a c c e l e r a t i o n s  provided t h a t  t h e  e x c i t i n g  f o r c e  is large 
enough t o  i n s u r e  t h a t  t h e  b locks  do breakaway. A s  a r e s u l t  of t h i s  fTnding, 
s t a t i c  f r i c t i o n  (p ) may b e  e l imina ted  as an  independent  governing parameter.  
F igu re  7 shows t h e  g r e a t  importance of t h e  c l ea rance  gap (c) on b l o c k  accel- 
e r a t i o n .  
shown i n  F ig .  8. 
a c c e l e r a t i o n  i s  clear. 
The v a r i a t i o n  i n  ps was found t o  have  l i t t l e  
S 
S 
The e f f e c t  of va ry ing  t h e  c o e f f i c i e n t  of k i n e t i c  f r i c t i o n  ( I lk )  is 
The importance of t h e  k i n e t i c  f r i c t i o n  e f f e c t  i n  l i m i t i n g  
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The e f f e c t  of energy l o s s  due t o  i n e l a s t i c  i m p a c t  w a s  s t u d i e d  by varying 
t h e  ra t io  ( e / D ) .  
i s  r e l a t i v e l y  s m a l l .  
The e f f e c t  of i n t e r n a l  energy lo s s  on b lock  a c c e l e r a t i o n s  
From the  f u n c t i o n a l  equa t ion  i t  can be  s e e n  t h a t  t h e  e f f e c t  of block 
s t i f f n e s s  (E)  and b lock  weight  (id) can be i n v e s t i g a t e d  s imul t aneous ly -  The 
r e s u l t s  of t h i s  i n v e s t i g a t i o n  are shown i n  Fig.  9 
E -x 
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Fig .  9 E f f e c t  of modulus t o  weight  r a t i o  
"lie a n a l y t i c a l  model h a s  a l s o  been a p p l i e d  t o  t h e  two-dimensional 
system (Fig.  2) t o  i n v e s t i g a t e  t h e  e f f e c t  of t h e  c o r e  b locks '  p i n  connect ions.  
A series of computer r u n s  w e r e  made i n  which p i n  clearance and pin 
s t i f f n e s s  were v a r i e d .  The r e s u l t s  may b e  summaried as fol lows:  
1. Side  c o n t a c t  between b locks  is e l imina ted  i n  a l l  h o r i z o n t a l  rows 
below which t h e  accumulated p i n  gap c l e a r a n c e  is  less than the 
gap between b locks .  
Smal le r  p i n - s l o t  c l e a r a n c e s  produce more numerous, b u t  less i n t e n s e  
p i n / s l o t  impacts .  
Stiffer pins produce more numerous and more intense p i n / s l o t  
impacts  . 
2. 
3. 
The model w a s  a l s o  used t o  i n v e s t i g a t e  response  when t h e  system is simul- 
t aneous ly  e x c i t e d  by h o r i z o n t a l  and vertical acce le ra t ion - t ime  h i s t o r i e s  
from s imula t ed  ear thquake  r eco rds .  a The accelerograins  selected for the 
e x c i t a t i o n  produced response  s p e c t r a  t h a t  enveloped t h e  Nuclear  
Regula tory  Commission guide  1.60 response  s p e c t r a  f o r  a 1 g earthquake w i t h  
0.5% damping. 
When t h e  model i s  s imul t aneous ly  e x c i t e d  by h o r i z o n t a l  and vertical 
a c c e l e r a t i o n - t i m e  h i s t o r i e s ,  t h e  h o r i z o n t a l  r e sponse  i s  d i f f e r e n t  than f o r  
t h e  case of h o r i z o n t a l  e x c i t a t i o n  on ly  beceuse  t h e  vertical  i n p u t  causes 
t i m e  v a r i a t i o n s  i n  the  normal f o r c e s  (and,  hence,  t h e  f r i c t i o n  forces) be- 
tween t h e  h o r i z o n t a l  s u r f a c e s  of t h e  b locks .  However, t h i s  coupling of 
v e r t i c a l  i n p u t  t o  h o r i z o n t a l  response  has a smal l  effect  on peak b l o c k  
a c c e l e r a t i o n .  
t i c a l  t o  that  produced by vertical  e x c i t a t i o n  only.  
The v e r t i c a l  response  of t h e  b locks  w i t h i n  the system is iden- 
T'ne model w a s  designed 
vTith zero  f r i c t i o n  between t h e  v e r t i c a l  s u r f a c e s  of t h e  b locks  a n d ,  hence, 
tliere i s  no coupl ing  of h o r i z o n t a l  i n p u t  t o  v e r t i c a l  response.  
The v e r t i c a l  response a c c e l e r a t i o n s  were s u r p r i s i n g l y  large i n  view of 
t h e  f a c t  t h a t  t h e r e  i s  no i n i t i a l  gap between t h e  b locks  as they  are s tacked 
v e r t i c a l l y .  However, t h e  model i n d i c a t e s  t h a t  t h e  b locks  do s e p a r a t e  even 
when t h e  v e r t i c a l  e x c i t a t i o n  i s  of low magnitude i f  t h e  e x c i t a t i o n  con ta ins  
h i g h  f r equenc ie s  . 
Some g e n e r a l  conclus ion  can b e  drawn: 
1. Vert ical  a c c e l e r a t i o n s  and f o r c e s  (which are due exc l -us ive ly  t o  
ve r t i ca l  i n p u t  i n  t h i s  model) are l a r g e r  than  w e r e  a n t i c i p a t e d .  
High-frequency e x c i t a t i o n  causes  t h e  b locks  t o  s e p a r a t e  and i m p a c t  
a g a i n s t  each  o t h e r .  I n  t h i s  r ega rd ,  i t  must b e  remembered t h a t  
t h e  model (F ig .  2)  does n o t  i nc lude  any v e r t i c a l  hold-down mechan- 
i s m .  
2. The e f f e c t  of ve r t i ca l  i n p u t  on h o r i z o n t a l  response  a p p e a r s  t o  be 
r e l a t i v e l y  s m a l l  b u t  random, 
3 .  The v a r i a t i o n  i n  normal f o r c e s  produced by t h e  ve r t i ca l  i n p u t  
r e s u l t  i n  numerous h o r i z o n t a l  a c c e l e r a t i o n p u l s e s  of s m a l l  amplitude,  
t h a t  is, t h e  v e r t i c a l  e x c i t a t i o n  r e s u l t s  i n  j e r k y  h o r i z o n t a l  motion. 
SYSTEM D-QSPING 
Computer runs  i n  which t h e  e x c i t i n g  force was suddenly reduced to  
ze ro  i n d i c a t e  t h a t  w i t h  r easonab le  va lues  of c o e f f i c i e n t  of f r i c t i o n ,  the 
e f f e c t i v e  damping is l a r g e  i n  t h i s  system. 
t i m e  response  f o r  b l o c k  #l when t h e  system w a s  d r i v e n  w i t h  a - + 1 g,  5-Hz, 
e x c i t a t i o n  f o r  0.4 sec (two c y c l e s ) ,  a f t e r  which t h e  e x c i t a t i o n  w a s  reduced 
t o  zero.  A s  shown i n  F i g .  10, where t h e  v a l u e  of t h e  k i n e t i c  f r i c t i o n  (p ) 
i s  0.16, b lock  i m p a c t s  cease v e r y  soon a f t e r  t h e  e x c i t a t i o n  goes  t o  zero. 
F igu re  10 shows the a c c e l e r a t i o n -  
k 
c I 
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TIM5 - sac. 
Fig.  10 E f f e c t  of Coulomb damping 
'? , 
* *  
r 
i n  t h i s  computer run t h e  material  h y s t e r e s i s  l o s s  d u r i n g  i m p a c t  (EL)  was set  
a t  zero .  The run  was r e p e a t e d  s e t t i n g  t h e  k i n e t i c  f r i c t i o n a l  c o e f f i c i e n t  
t o  ze ro  and w i t h  a s u b s t a n t i a l  40% energy l o s s  du r ing  impact, 
l a r g e  e f f e c t i v e  system damping was observed .  
on a p h y s i c a l  model of t h i s  system a l s o  i n d i c a t e  h igh  damping. 
c a t i o n  of l a r g e  e f f e c t i v e  damping means t h a t  t h e  sys tem h a s  l i t t l e  memory of 
p a s t  a c c e i e r a t i o n - t i m e  h i s t o r y .  Therefore ,  f o r  so1112 purposes both the analy- 
t i c a l  and expe r imen ta l  models may be  a p p r o p r i a t e l y  d r i v e n  u s i n g  on ly  selected 
abbrev ia t ed  p o r t i o n s  of a s imula t ed  ear thquake  t ine h i s t o r y .  An excep t ion  to 
t h i s  is when t h e  t o t a l  number of b lock  c o l l i s i o n s  i s  d e s i r e d  (as f o r  a 
f a t i q u e  damage s t u d y ) ,  r a t h e r  than  m a x i m u m  v a l u e s  of accelerations or  f o r c e s .  
The same 
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